A detailed analysis was made of dsRNA molecules present in Agarieus bisporus (cultivated mushroom) affected and non-affected by La France disease occurring in The Netherlands. A specific pattern of 10 major dsRNA molecules was always associated with affected strains but non-affected strains also contained at least one of the dsRNAs. Cross-hybridization under stringent conditions showed that the dsRNAs were all unique.
occurs world-wide. The primary symptom of the disease is die-back of mycelium resulting in a loss of the crop. In all cases reported, mushrooms affected by La France disease (referred to as diseased mushrooms) contained a complex of different virus-like particles (reviewed by van Zaayen, 1979) . Marino et al. (1976) , Wach & Romaine (1983) , Hicks & Haughton (1986) and Wach et al. (1987) provided evidence for the existence of a disease-specific pattern of dsRNA which comprised up to ten species. These authors failed to detect dsRNA in apparently healthy mushrooms. As a preliminary to the development of a test for La France disease based on nucleic acid hybridization, we have re-examined the dsRNA composition of several randomly taken mushroom samples. Diseased mushrooms were obtained in The Netherlands from mushroom farms which had outbreaks of La France disease. In addition, several mushroom samples from normal crops were investigated. Double-stranded RNA was purified from freezedried mushrooms using cellulose batch chromatography (Franklin, 1966; Morris & Dodds, 1979) in 1.5 ml Eppendorf tubes. We routinely isolated 1 to 3 pg of dsRNA per g fresh weight.
Samples were analysed by electrophoresis in a l ~ agarose gel and staining with ethidium bromide. Fragment sizes were estimated by comparison with restriction enzyme-digested lambda DNA. The dsRNA pattern associated with crop loss always consisted of 10 major dsRNA molecules (Fig. 1, lanes 1 , 3, 4, 6, 15, 16, 18) . This pattern comprised six large dsRNAs (L1, 3.6 kb; L2, 3.0 kb; L3, 2.8 kb; L4, 2.7 kb; L5, 2.5 kb; L6, 2-35 kb), two medium-sized dsRNAs (M1, 1.6 kb; M2, 1.35 kb) and two small dsRNAs (S1, 0.86 kb; $2, 0.78 kb). On overloaded agarose gels we could often see up to eight 'minor' dsRNA species (XL1 to XL4, approximately 15 kb; L0, 6.5 kb; L7, 2.0 kb; L8, 1.9 kb; $3, 0.27 kb). All separated nucleic acids (Fig. 1) consisted of dsRNA because they were resistant to RNase A under relatively high salt conditions (1 x SSC) but sensitive to RNase A under low salt conditions (0.1 × SSC) whereas DNase I had no effect. For American diseased mushrooms, Marino et al. (1976) described the presence of only six dsRNAs, possibly corresponding to the L1 to L5 plus M2 segments described here. Wach et al. (1987) investigated American diseased fruit bodies in more detail and found a similar pattern. However, they also observed the pattern found by us in diseased material from the Netherlands. American diseased samples apparently show more variation in the dsRNA pattern. We never found mushrooms from healthy high-yielding crops without any dsRNA (Fig. 1,  lanes 2 , 5, 7, 8, 12 to 14, 17, 19 to 21) . We always detected in these apparently healthy mushrooms L6 dsRNA (2.35 kb) as a major species besides minor quantities of dsRNAs XL and L0. Also samples of healthy mushrooms (A. bisporus strains Campbell M8 and Horst® U1, provided by Dr K. Dahlberg and Dr M. P. Wach, Monterey Mushrooms Inc., Watsonville, Ca., U.S.A.) contained L6 dsRNA in detectable amounts (Fig. 1, lanes 9, 11) , although Wach et al. (1987) did not detect any dsRNAs in healthy mushrooms. Our findings agree with those of Romaine (1987) who reported the occurrence of a single dsRNA species in healthy mushrooms. By analysis on the same agarose gel (Fig. 1) we have now confirmed that the major dsRNA species from all these healthy mushrooms runs at the position of L6. From our observations it follows that the mere presence of L6 dsRNA is not sufficient for development of La France disease symptoms. In addition, virus particles do not occur regularly in apparently healthy mushrooms (Passmore & Frost, 1979; van Zaayen, 1979) .
Crops affected by mushroom virus disease often bear fruit bodies which have a healthy appearance (Hicks & Haughton, 1986) . Therefore, we analyzed the dsRNA composition of 14 individual mushrooms (strain Horst® U1) of a flush affected by La France disease. Eight mushrooms with a diseased appearance (malformed: long stipes, small caps) contained the 'disease-related' dsRNA pattern (Fig. 2, lanes 7 to 14) . In addition, two out of six healthylooking mushrooms harboured the typical disease-associated dsRNA pattern with all 10 dsRNAs occurring in amounts similar to those in the diseased mushrooms (lanes 4, 5). The other four healthy-looking mushrooms had the dsRNA composition (lanes 1 to 3, 6) typical of noninfected crops, i.e. they contained only L6 as a major band. This again shows that the relationship between the presence of the dsRNAs and the phenotypic expression of the disease is complex. The presence of the dsRNAs does not appear necessarily to lead to malformed fruit bodies but it always leads to reduced crop yields. In fact, Ross et al. (1986) Lanes 1 to 6 show the dsRNA patterns of mushrooms with a healthy appearance. Lanes 7 to 14 show the patterns of diseased-looking mushrooms from the same crop. Fig. 3 . Cross-hybridization analysis ofA. bisporus dsRNA molecules. Total dsRNA (100 ng quantities) was denatured and electrophoresed in an agarose gel. The gel was blotted on GeneScreen Plus. Individual lanes were cut from the blot and hybridized to 25 ng of each of the labelled dsRNAs shown across the top, as indicated in the text.
Cross-hybridizations between individual d s R N A segments were done to determine the possible existence of subgenomic d s R N A s amongst the major disease-associated dsRNAs. Individual d s R N A segments were isolated from agarose gel strips (Tautz & Renz, 1983) and end-labelled with 32p (Maniatis et al., 1982) . Total d s R N A (100 ng) was denatured in 1 Mglyoxal, 5 0~ DMSO, 10 mM-sodium phosphate pH 6.5 and separated in a 1 ~ agarose gel in 10 mM-sodium phosphate pH 6.5 (Thomas, 1980) . After blotting the gel to a GeneScreen Plus membrane, individual lanes were hybridized to each of the end-labelled dsRNAs. The hybridizations were performed under conditions which allowed detection only of perfectly matched hybrids (1 M-NaC1, 5 0~ formamide, 65 °C). Post-hybridization washes were done in 2 x SSC, 1 ~ SDS at 65 °C. Under these conditions we found no obvious sequence homologies between individual d s R N A segments (Fig. 3) . Also individual d s R N A s isolated from gels and spotted on GeneScreen Plus after denaturation hybridized only to the corresponding probe (results not shown).
We have thus shown by cross-hybridizations under stringent conditions that each of the major d s R N A s is unique. Although M 1 and L6, and probably S 1 and $2 d s R N A (Wach et al., 1987) , do not seem necessary for expression of the disease, d s R N A s MI, S1 and $2 were never reported to be present in the absence of other major d s R N A segments and thus could be subgenomic. Subgenomic d s R N A s (Field et al., 1983 , Tartaglia et al., 1986 and defective interfering d s R N A s (Thiele et al., 1984) occur widely in mycoviruses. Nevertheless, it is unlikely that M1, S1 and $2 represent subgenomic d s R N A s derived from larger d s R N A s because none of these d s R N A s formed homologous hybrids with any of the other d s R N A s (L1 to L5 and M2).
Current research aims at the molecular cloning of the disease-associated d s R N A s and the use of these clones as hybridization probes for detection of La France disease. 
